A diffusion model has been applied to describing the formation of a compound nucleus in heavy-ion collisions, i.e., to the description of the shape evolution from the touching configuration of colliding two nuclei to a more compact spherical-like compound nucleus by overcoming a potential barrier near the conditional saddle point. This model has been used especially to discuss the synthesis of superheavy elements [1, 2] . In the discussion and the data analysis, so far the standard fluctuation-dissipation relation which holds at high temperatures has been assumed. Although these studies provide some illuminating information and look to be successful to some extent in the data analysis, one needs to carefully examine the validity of the standard fluctuation-dissipation relation to describe the diffusion process at low temperatures which is relevant to the synthesis of superheavy elements.
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In order to adapt to this situation, we have developed a quantum diffusion theory which takes the quantum fluctuation due to the finite curvature of the potential barrier and also a memory effect into account. In Ref. [3] and in Fusion03, using a simplified model for the potential barrier, we have reported that the quantum effects, especially memory effects enhance the probability of overcoming the barrier to form a compound nucleus compared with that calculated by assuming the standard fluctuation-dissipation theorem at low temperatures and for the potential curvature relevant to the synthesis of superheavy elements. In Ref. [4] , we have developed a Langevin equation version of the quantum diffusion theory. Also, we have reformulated so as to introduce the dissipation effect in a way more suitable to describe nuclear processes than the Caldeira-Leggett model adopted in [3] .
For application of the theory to realistic problems, developments in various aspects are needed. One of the essential ones is to generalize the present model with a single macroscopic variable to the diffusion process in multidimensional space, by taking, for instance, mass partition in addition to the relative distance between the two fusing nuclei into account. Another crucial thing is to develop a practical algorithm to handle a colored noise, i.e., the memory effect, for a more realistic potential than a simplified parabolic barrier which has been used in [3, 4] .
In this contribution, we first demonstrate the accuracy of an algorithm to handle a colored noise, and then discuss the role of various quantum effects in the fusion probability, in the competition between the complete fusion and quasi-fission, and in the mass distribution of the fission fragments.
